In this experimental research, thin polyurethane films containing reactive functional groups (hydroxyl and amino groups) were synthesized. The raw materials used in the synthesis are: a hydroxyl component (Elastoflex W5516/115) and an isocyanate component (semiprepolimer type) based on 4,4'-diphenylmethane-diisocyanate (MDI) or toluene-2,4-diisocyanate (TDI). Two different antibiotics were adsorbed on these films: amikacin and ceftazidime which formed physical bonds with the polyurethane matrix. The films were characterized by SEM, DMA and a culture of Escherichia coli and a counting room was used in order to determine the antimicrobial efficiency.
Introduction
After almost half a century of use in medicine, the polyurethanes still remain the leading position in biomaterials applications in this sector. The popularity enjoyed by this class of macromolecular compounds is supported by character blocks segmented copolymers which gives the possibility of final material properties to vary greatly with only a small adjustment of mixing ratio of raw materials [1] . Lately, the polyurethanes came to be considered the most suitable polymer material to be in contact with blood in long-term medical applications: heart valves, aortic grafts, intraaortic balloons, pacemakers, stents, breast implants, prosthetic bone, biocompatible polymer membranes with the role of artificial pancreas, membranes for dialysis, gastric ring with controlled bioresorptia used to cure morbid obesity surgery etc. [2] .
An interesting domain of the polyurethane chemistry is represented by the synthesis of polyurethane material with antimicrobial properties. Due to the diversity of polyurethane materials and due to the fact that so many applications are in contact with human body, it is a problem to sterilize the plastics or more than that: to include antimicrobial substances (antibiotics and antimycotics) in the polymer matrix.
In the automotive industry, the chairs are exposed to the passengers' perspiration and in the case of mass transit automotives, the rules of the health organisations impose their cleaning or recommend different treatments with antimicrobials. The medical literature specifies that this kind of treatments is often done by nonspecialized personal and this represent a compromised solution. Inside the shoes, it is known that the bacteria colonization can increase due to the perspiration and to the bad ventilation because of material and the design of majority of shoes. Another idea on the same line is the manufacture of bandages, swaddles, compresses of polymer type, where the polymer present an antimicrobial treatment with many applications for the intervention teams at the misadventures place: burns, open fractures etc. [3] .
It was already studied the effect of sterilization on the polyurethane elastomer, by using different sterilization procedure (etyleneoxide, plasma, steam, different substances volatilization, gamma-irradiation) [4] . Good results obtained in the polymers treated with antibiotics substances [5] stimulate the study of new association antimicrobial-polymer material in order to increase the adsorbed antimicrobial quantity on the polymer surface and to increase these applications performance [6] [7] [8] [9] .
In a similar study with ours, the blood compatibilities for the polyurethane films were evaluated and it was observed that the polymers without functional groups, such as nanoparticles, can be easily attached to materials. Compared to control assay, the immobilized polyurethane films showed increased blood compatibility. The hydrated dynamic layer formed by the immobilized layer suppressed platelet adhesion [10] .
Results and discussion

Polycondensation reaction
The substances with low molecular weight and three functional groups (-OH or -NH 2 ) as propanediol derivates are used to obtain cross-linked polyurethane materials (see reaction 1 from scheme 1 and reaction 3 from scheme 2).
Scheme 1. The cross-linked and linear structure of the polyurethanes with AMP.
The scheme 1 presents a polyurethane structure with 2-amino-2-methyl-1,3-propanediol (AMP) and the scheme 2 presents a polyurethane structure with 2-hydroxymethyl-1,3-propanediol (HP).
It is necessary to use an excess of propanediol derivates in order to avoid the crosslinking reactions; these kind of reactions block the third functional group of the derivates. This third functional group is must to be free to create points for intermolecular bonds with the molecule of the antibiotic.
Scheme 2. The cross-linked and linear structure of polyurethanes with HP.
Morphologies of films
It is necessary to have polyurethane films with similar morphologies due to the fact that any differences between materials can affect the quantity of the adsorbed antibiotic. All the assays were analyzed by using the scanning electron microscope (SEM) technique with the following characteristics: mag. 100x, 20,00 kV at 500 μm. Figure 1 shows the polyurethane images and it is noticeable that there are no major differences between the materials. 
The DMA analyses
The Dynamic Mechanical Analysis (DMA) gives us sets of values (see Table 1 ), which are necessary to conclude over the glass transition for the tested material. The storage modulus (E') curves recorded for 7 different frequencies (between 20 and 0.1 Hz) into a large temperature interval (between -150 and +70 o C) at a heating rate of 1 degree/min offer information about the initial storage modulus. These curves are useful to determine the values of E' and of the temperature when the E' start to drop near the glass transition. Figure 2 shows the registered curves with some perturbations due to the rapid interchange between the values for storage and loss modulus and the activation energy for the glass transition of the assay no. 1 from Table 3. The usage of seven different frequencies make possible for the DMA analyzer to determine the activation energy (E a ) for the glass transition to correlate the value of 1000/temperature vs. of frequency logarithm like in Arrhenius diagrams.
The values from Table 1 shows that there are no important differences between the films synthesized by 4,4'-diphenylmethane-diisocyanate (MDI) or toluene-2,4-diisocyanate (TDI) and no differences when AMP or HP was added.
The adsorption of the antibiotics
The antibiotics which were used present a lot of hydroxyl and amino groups in its structures. In order to obtain a persistent antibiotic layer on the polyurethane material it is preferable to have many physical bonds between the polymer matrix and the molecule of the antibiotic. The strength of these bonds is necessary to be low because a well-bind antibiotic is not an active one. The test pieces which were cut from every polyurethane type were sterilized by steam autoclaving at 134 °C (30 psi) for 4 min [11] .
The solutions of the two antibiotics (watered 1/1000) were prepared). The test pieces were kept for 30 minutes in the solutions, sun-dried and were put into dried and sterile Petri dishes, covered by sterile watch glasses. After 1, 4 and 16 weeks, in every dish was poured 5 ml of liquid culture with meat broth which contain 0.1 ml of E. coli culture and were thermostated at 37 °C after inoculation. The number of cells was determined by a Thoma type counting chamber for every foam, antibiotic and concentration, the determination procedure was the counting of the cells from 5 big squares and usage of the following formula:
Cells number = N • 5 • I • D,
where N is the cells number counted in 5 big square; 5 is the correction coefficient; I, the chamber height and D is the dilution correlation (equal with 1 in this case).
In Table 2 it can be observed the average values which were read by the Thoma counting chamber after 1, 4 and 16 weeks.
It is important to mention that a bacteria culture record an evolution characterized by three steps: an exponential growth (the cells number increase progressively; it is the step inhibited by the antibiotics from our experiment), a stationary and finally a decrease period. The decrease of the cells number which are in contact with the antibiotic is not a linear one because the cellular rests become a nutritive layer for other cells [3] . 
Conclusions
The polyurethane films which were made in this study have a similar morphology observed by SEM. The properties observed by DMA shows that the polyurethanes made by MDI are better than those made by TDI. The impregnation of the polyurethane films with solutions of antibiotics goes down the value of E. coli cells. The best antibiotic against E. coli was amikacin. 
Experimental part
Materials
Methods
The hydroxyl and isocyanate components used in this research are based on bifunctional polyols and diisocyanates. This is the reason why a 1/1 molar ratio between the two components were used. It was necessary to use an isocyanate semiprepolymer because it is a big difference between the density of polyols and diisocyanates and it is hard to well-homogenize their mixture.
The methodology for obtaining polyurethane thin films presents some important steps like:
the mould preparation (a metallic and very slim mould was washed with dimethylformamide and after that was cleaned with industrial silicone agent for an easier removal of the film from the mould); the hydroxyl component conditioning (the polyol was mixture with the catalyst and were homogenized for 10 minutes using a lab stirrer with 300 rot./min.); the isocyanate component conditioning (the isocyanate semiprepolymer was synthesized and homogenized for 10 minutes using a lab stirrer with 500 rot./min.); the infusion moulding (in a polyethylene dish the necessary amount of the hydroxyl and isocyanate components were well-homogenized by an aggressive stir). The mixture (see Table 3 ) was injected into the mould which was tight closed and was inclined in a proper position for the best reaction gas elimination; the polyurethane maturation (after the infusion moulding, the reaction mixture was kept inside the mould for 60-80 minutes in order to finish all reactions and finally the polyurethane film was left for at least 24 hours before any evaluation). Three disk test pieces (8 mm diameter and 2 mm highness) were cut from every polyurethane film which results after the maturation. These test pieces were characterized by SEM technique using an Inspect S microscope (FEI Company) and by a DMA analyzer (Netzsch DMA 242C) in order to observe any modification due to the different isocyanate and propanediol derivate which were used.
